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Structure-property relationship between microstructure and bending
properties of Chinese fir wood

Jia Changdong'? He Jiaqi' Wang Yurong'
(1. Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China;
2. Nanjing Forestry University, Nanjing, Jiangsu 210037, China)

Abstract: [Objective] Chinese fir (Cunninghamia lanceolata) is one of the most important fast-growing
structural timber species in China. Its bending properties are key indicators for evaluating the structural
safety of wood materials and are fundamentally determined by the wood microstructure. Clarifying the
structure—property relationships between microstructural characteristics and bending properties can provide a
scientific basis for rapid assessment, processing modification, and genetic improvement of Chinese fir wood.
[Method] Chinese fir trees aged over 30 years from a plantation in Nianzhu Forest Farm, Yichun, Jiangxi

Province, China, were selected as the study material. Heartwood and sapwood were distinguished along the
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radial direction. Microstructural parameters, including wall-to-lumen ratio, microfibril angle, and
crystallinity, together with dynamic and static bending properties, were determined using optical
microscopy, X-ray diffraction, stress-wave testing, and a universal testing machine et al. Ordinary linear
regression and multiple linear regression analyses were performed to establish predictive relationships
between stress-wave velocity, microstructural factors, and bending properties. [Result] Compared with
heartwood, sapwood exhibited a wall-to-lumen ratio 27.0% higher, a crystallinity 14.6% higher, and a
microfibril angle 21.7% lower. The dynamic modulus of elasticity (MOE,), modulus of elasticity (MOE) in
bending, and modulus of rupture (MOR) of sapwood were 5.9%, 7.1%, and 12.4% higher than those of
heartwood, respectively. Significant relationships were observed between stress-wave velocity and bending
properties, with R* ranging from 0.66 to 0.69. Among the individual microstructural factors, the wall-to-
lumen ratio showed the strongest relationship with bending properties (R*> = 0.67). The multiple linear
regression models yielded R’ values ranging from 0.67 to 0.71, indicating that wall-to-lumen ratio,
microfibril angle, and crystallinity jointly affected bending properties. The standardized regression
coefficients showed that the wall-to-lumen ratio had the greatest relative contribution (f of 0.49-0.59),
followed by crystallinity (f of 0.19-0.28) and microfibril angle (f ranged from —0.18 to —0.14).
[Conclusion] The bending properties of Chinese fir wood are governed by its microstructural factors. A
higher wall-to-lumen ratio, lower microfibril angle, and higher crystallinity are associated with superior
bending performance. Stress-wave velocity showed relatively strong relationships with bending properties
and can therefore serve as an effective indicator for rapid evaluation of bending properties. The multiple
linear regression models quantitatively characterized the combined effects and relative contributions of
microstructural factors, with wall-to-lumen ratio identified as the dominant factor influencing bending
properties.

Key words: Cunninghamia lanceolata; wood mechanics; microstructure; bending properties; wall-to-lumen

ratio; microfibril angle; crystallinity; multiple linear regression analysis
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Fig. 1 Preparation of samples for microstructure and bending property tests of Chinese fir
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Fig. 2 Microstructure of cross-sections of sapwood (a) and heartwood (b) of Chinese fir
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Tab. 1 Structural parameters of tracheid of Chinese fir wood
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Fig. 3 X-ray diffraction patterns of microfibril angle (a) and crystallinity (b) in Chinese fir wood
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Tab. 2 Statistics of microfibril angle of Chinese fir wood Tab. 3 Statistics of the crystallinity of Chinese fir wood
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Tab. 4 Statistics between stress wave velocity and dynamic modulus of elastic of Chinese fir wood
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Tab. 6 Relationship model of stress wave velocity and bending properties of Chinese fir wood

TEBHE M AR GO PIB MRS Q) EPEpipEs r R B
MOE, y=-5580+0.01x 0.83 0.69 *
Wi MOE y=—-64.92+0.02x 0.81 0.66 *
MOR y=-578.65+0.13x 0.81 0.66 *

KT EAKMBAGEESHEERENARK RRE

Tab. 7 Model of structure-property relationship between microstructure and bending performance of Chinese fir wood

WSS T (0 U PEREREHR () 51575 72 r R M
MOE, y=4.05+21.12x 0.82 0.67 *
BER LE MOE y=325+24.57x 0.82 0.66 *
MOR y=12.95+213.82x 0.82 0.67 *
MOE, y=1533-0.36x -0.72 0.52 *
G MOE y=16.88 —0.45x —0.76 0.54 *
MOR y=121.58 —3.29x -0.71 0.50 *
MOE, y=0.93 +22.67x 0.74 0.55 *
4k B MOE y=-0.04 +25.86x 0.75 0.57 *

MOR y=—437+19.23x 0.73 0.53 *
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Tab. 8 Multiple linear regression model of bending properties index of Chinese fir wood

BB PRI I B I3 Pu Au 2 L
MOEy MOE; =4.00 + 18.84/ — 0.06M + 4.25C, 0.67 0.56 —0.14 0.21 ok
MOE MOE =2.14 + 18.44W — 0.08M + 10.49C; 0.71 0.49 —0.18 0.28 ok
MOR MOR = 12.96 + 15.30W — 0.56M + 35.69C; 0.67 0.59 —0.16 0.19 ok
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